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Abstract 
The second edition of the German Highway Capacity Manual HBS was published in 2015. The paper 
presents the HBS procedure for the assessment of basic freeway segments and discusses challenges for 
the future development of the methodology. As in the former edition of the HBS, the volume-to-
capacity ratio is used as measure of effectiveness for basic freeway segments. The design capacities 
and speed-flow diagrams for basic freeway segments were completely revised and supplemented by 
new design values for segments with four-lane carriageways and segments with hard shoulder running. 
Besides the provision of specific design capacities, the reduced capacity variance on segments with 
variable speed limits, which was ascertained in recent investigations, is considered by adjusting the 
lower threshold value of LOS E. The new edition of the HBS also provides a framework for the use of 
specific parameters and the application of alternative methods for the assessment of traffic flow 
quality. Overall, the revised procedure for the analysis of basic freeway segments includes major 
enhancements and covers a larger number of segment types, but the main concept still follows the 
tradition of using deterministic capacities and providing rather simple analytical procedures to assess 
the traffic flow in one specific peak hour. For the future development of the HBS, the application of 
computer-based simulation models as well as the use of stochastic traffic flow parameters that better 
represent traffic reliability will increasingly emerge. 
 
Keywords: Quality of service, volume-to-capacity ratio, design capacity 
1 Introduction 
Comparable to the U.S. HCM (TRB, 2010), the German Highway Capacity Manual HBS (FGSV, 
2001, 2015) contains methods for the assessment of traffic flow quality on road facilities based on six 
levels of service. The second edition of the HBS was released in 2015. It is composed of three 
different volumes for freeways, rural roads, and urban roads, each containing assessment procedures 
for basic road segments, intersections and/or interchanges, network links and other specific facilities. 
The assessment of traffic flow quality on basic freeway segments is treated in chapter A3 of the 
HBS 2015. Compared with the first edition of the HBS (FGSV, 2001), the assessment procedure was 
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revised and supplemented by design values for additional segment types. The concept of the quality-
of-service assessment, which is based on using the volume-to-capacity ratio as measure of 
effectiveness, was retained. The paper presents the basic concept and the empirical basis of the HBS 
assessment procedure for basic freeway segments and discusses challenges for the future development 
of the methodology. 
In the HBS, a basic freeway segment is defined as the part of a freeway carriageway between 
adjacent interchanges (cf. Figure 1), which is further divided into sub-segments if major parameters 
affecting the capacity change within the segment. The HBS also contains a methodology to evaluate 
the average travel speed on network links between interchanges connecting freeways of the same 
functional category according to the German Guidelines for Network Planning RIN (FGSV, 2008). 
 
 
Figure 1: Definition of freeway segments, sub-segments and network links 
2 Capacity Estimation 
2.1 Empirical Basis 
The capacity is the major design value for the assessment of traffic flow quality on basic freeway 
segments. The capacity depends on the prevailing road, traffic, and control conditions. Furthermore, 
freeway capacity can vary even under the same external conditions (cf. e.g. Elefteriadou et al., 1995, 
Minderhoud et al., 1997, Brilon et al., 2005). As the HBS assessment procedures are deterministic, the 
random capacity variability is not accounted for. 
The current design capacities given in the HBS 2015 are mainly based on research by Brilon and 
Geistefeldt (2007, 2010), in which the design capacities for basic freeways segments were revised and 
supplemented by values for segments with four-lane carriageways and segments with temporary 
(dynamic) hard shoulder running. In these studies, capacities of more than 50 freeway segments were 
empirically estimated by analyzing the speed-flow diagram based on loop detector data. The volume at 
the apex of the speed-flow relationship was determined by applying van Aerde’s (1995) model, which 
describes the minimum desired distance headway between consecutive vehicles. The corresponding 
speed-density relationship is: 
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where: 
d(v) = traffic density at speed v 
∆x = distance headway between consecutive vehicles 
c1, c2, c3, v0 = model parameters 
v = speed 
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In accordance with the HBS assessment procedure, which is based on the analysis of one specific 
peak hour, the model function was fitted to speed-flow data in 1-hour intervals. If such large time 
intervals are analyzed, the data points in the speed-flow diagram result from aggregations of different 
traffic states. Particularly in case of a transformation between fluid traffic and congestion, 1-hour 
averages may represent a traffic state that never existed in real traffic flow (cf. Hall and Brilon, 1994). 
1-hour averages tend to be located more in the center of the parabolic speed-flow scatter plot than e.g. 
5-minute observations. As this effect influences the apex volume of the fitted speed-flow curve, it is 
useful to exclude 1-hour intervals with unsteady flow conditions from the capacity analysis. A 1-hour 
interval is considered as representing unsteady flow conditions if the root mean squared error of the 
5-minute speeds within the hour is greater than 10 km/h (Geistefeldt, 2007). Two examples for the 
capacity estimation in the speed-flow diagram are given in Figure 2. 
In some cases, the application of van Aerde’s (1995) model delivered a capacity slightly below or 
even beyond the highest observed volumes (see example in Figure 2b). This mainly applied to speed-
flow diagrams with a distinct gap between the fluid traffic regime and the congested flow regime. In 
order to avoid unrealistically high capacity estimates, the apex volume of the fitted speed-flow curve 
was compared with the 99th percentile of the distribution of all flow rates in the sample. If the apex 
volume exceeded this threshold, the percentile value was considered as the capacity estimate.  
 
a) 
 
 
 
 
b) 
 
 
 
 
Figure 2: Capacity estimation in the speed-flow diagram (1-hour intervals) for two 3-lane freeway segments 
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2.2 Design Capacities 
The HBS assessment procedure for basic freeway segments considers the following parameters 
influencing the capacity: 
x heavy vehicle percentage, 
x location of the freeway inside or outside urban areas, representing the share of commuters, 
x number of lanes, 
x gradient, if greater than 2 %, and 
x control conditions (no speed limit, permanent speed limit, variable speed limits, speed limit in 
tunnels, hard shoulder running). 
The influence of adverse weather conditions as well as temporary impacts of incidents or work 
zones are not considered. 
In contrast to the method for basic freeway segments in the HCM (TRB, 2010), the HBS design 
capacities are given as volumes per carriageway and not per lane. This is particularly due to the rather 
uneven lane flow distribution on German Autobahns, where heavy vehicles are only allowed to travel 
on the rightmost lane and on the second lane in case of overtaking. The capacities are valid for the 
analysis of 1-hour intervals. 
The HBS design capacities for basic freeway segments with a gradient of up to 2 % are given in 
Table 1. Table 2 contains the design capacities for upgrade segments, which are independent of the 
speed limit. Intermediate values can be determined by linear interpolation. 
In Germany, freeway segments with speed limits have on average a slightly higher capacity than 
segments without a speed limit, which can mainly be explained by lower speed differences in the 
traffic stream and a more even lane-flow distribution. Besides their influence on the average capacity, 
particularly variable speed limits also lead to a significantly lower capacity variance compared with 
segments with unlimited speed (cf. Geistefeldt, 2011). This is mainly due to the speed harmonization 
achieved with the traffic-adaptive speed limit control resulting in lower flow disturbances. Hence, the 
application of variable speed limits leads to a lower risk of a traffic breakdown at volumes slightly 
below the mean capacity. This effect is considered by a higher threshold of the v/c ratio between level 
of service D and E for segments with variable speed limits (cf. footnote in Table 3). 
 
no. of lanes 
speed limit 
(km/h) 
outside of urban areas in urban areas 
heavy vehicle percentage heavy vehicle percentage 
≤ 5 % 10 % 20 % 30 % ≤ 5 % 10 % 20 % 30 % 
2 
none 3700 3600 3400 3200 3900 3800 3600 3400 
120 3800 3700 3500 3300 3900 3800 3600 3400 
100/80/variable 3800 3700 3500 3300 4000 3900 3700 3500 
80 in tunnel 3700 3600 3400 3200 3900 3800 3600 3400 
3 
none 5300 5200 4900 4600 5700 5500 5200 4900 
120 5400 5300 5000 4700 5700 5500 5200 4900 
100/80/variable 5400 5300 5000 4700 5800 5600 5300 5000 
80 in tunnel 5300 5200 4900 4600 5700 5500 5200 4900 
4 
none 7300 7100 6700 6300 7800 7600 7100 6600 
120 7400 7200 6800 6400 7800 7600 7100 6600 
100/80/variable 7400 7200 6800 6400 8000 7800 7300 6800 
2 + h.s.r.1) 100 / variable 4700 4600 4400 4200 5200 5000 4700 4400 
3 + h.s.r.1) 100 / variable 6300 6200 5900 5600 7000 6800 6400 6000 
1) h.s.r. = hard shoulder running 
Table 1: HBS design capacities (veh/h) for basic freeway segments with a gradient ≤ 2 % (FGSV, 2015) 
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no. of lanes gradient 
outside of urban areas in urban areas 
heavy vehicle percentage heavy vehicle percentage 
≤ 5 % 10 % 20 % 30 % ≤ 5 % 10 % 20 % 30 % 
2 
3 % 3600 3500 3300 3100 3800 3700 3500 3300 
4 % 3400 3300 3100 2900 3600 3500 3300 3100 
5 % 3100 3000 2800 2600 3300 3200 3000 2800 
3 
3 % 5200 5100 4800 4500 5600 5400 5100 4800 
4 % 4900 4800 4500 4200 5300 5100 4800 4500 
5 % 4500 4400 4100 3800 4900 4700 4400 4100 
4 
3 % 7100 6900 6500 6100 7600 7400 6900 6400 
4 % 6800 6600 6200 5800 7300 7100 6600 6100 
5 % 6200 6000 5600 5200 6700 6500 6000 5500 
2 + h.s.r.1) 
3 % 4600 4500 4300 4100 5100 4900 4600 4300 
4 % 4400 4300 4100 3900 4900 4700 4400 4100 
5 % 4100 4000 3800 3600 4600 4400 4100 3800 
3 + h.s.r.1) 
3 % 6200 6100 5800 5500 6900 6700 6300 5900 
4 % 5900 5800 5500 5200 6600 6400 6000 5600 
5 % 5500 5400 5100 4800 6200 6000 5600 5200 
1) h.s.r. = hard shoulder running 
Table 2: HBS design capacities (veh/h) for basic freeway segments with a gradient ≥ 3 %, valid for a length 
of the upgrade not less than 500 m (FGSV, 2015) 
3 Assessment of Traffic Flow Quality 
In the HBS (FGSV, 2015), the volume-to-capacity (v/c) ratio is used as a measure of effectiveness 
for basic freeway segments. Although the v/c ratio is not a measure of service quality directly 
experienced by the road users, it suitably serves as a (surrogate) measure of effectiveness instead of 
the average travel speed in order to consider that a reduced speed level on upgrades as well as sections 
with speed limits does not incorporate a lower quality of traffic flow. Furthermore, a high v/c ratio can 
be regarded as an indication of a high probability of a traffic breakdown and hence is related to travel 
time unreliability. The threshold values of the v/c ratio that define the levels of service are given in 
Table 3. 
 
level of service A B C D E F 
v/c ratio ≤ 0.30 ≤ 0.55 ≤ 0.75 ≤ 0.901) ≤ 1.00 > 1.00 
1) 0.92 for freeway segments with variable speed limits 
Table 3: Thresholds of the v/c ratio that define the level of service on basic freeway segments (FGSV, 2015) 
If major parameters influencing the capacity change in the course of a freeway segment, the 
segment must be divided into sub-segments. In this case, the v/c ratio is determined for each sub-
segment. To determine the v/c ratio for the whole segment, the v/c ratio of each sub-segment is 
transformed into a weighting measure according to Figure 3. The transformation curve considers the 
major influence of sub-segments with a high v/c ratio (slightly below 1) on the travel time and the 
traffic breakdown probability of the whole segment. The length-weighted average of all sub-segments’ 
weighting measures is then retransformed into the v/c ratio, which delivers the level-of-service of the 
whole segment according to Table 3. If the v/c ratio of one sub-segment is greater than 1, i.e., the 
demand volume exceeds the capacity, the whole segment is classified with level of service F. 
 
Assessment of Basic Freeway Segments in the HBS 2015 and Beyond J. Geistefeldt
421
  
 
Figure 3: Relationship between the volume-to-capacity ratio and the weighting measure (FGSV, 2015) 
4 Average Travel Speed 
The HBS (FGSV, 2015) provides speed-flow diagrams for the estimation of the average travel 
speed on basic freeway segments. In the assessment procedure, the average travel speed is only used 
as an input value for the evaluation of supply quality on freeway network links, which is determined 
based on a travel speed index. For the analysis of single freeway segments, only the v/c ratio must be 
determined for the assessment of traffic flow quality. However, the speed-flow diagrams are also used 
for other traffic engineering applications, e.g., the economic assessment of road infrastructure projects. 
The speed-flow diagrams are based on the traffic flow model by Brilon and Ponzlet (1995): 
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where: 
v(q) = average travel speed of passenger cars at volume q 
v0, l0, c0 = model parameters 
q = traffic volume 
c = capacity 
 
The traffic flow model only represents the upper branch of the speed-flow relationship, with 
demand volumes below capacity at levels of service A through E. The speed-flow diagrams describe 
the average travel speed of passenger cars depending on the total traffic volume, measured in 1-hour 
intervals. The speeds of heavy vehicles are not included in the average travel speed estimation due to 
the large speed differences between heavy vehicles, for which a general speed limit of 80 km/h 
applies, and passenger cars on German Autobahns. 
In the HBS, speed-flow diagrams are provided for a total of 272 different combinations of the 
relevant segment parameters. An example is given in Figure 4. 
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Figure 4: Speed-flow diagrams for a three-lane freeway carriageway in urban areas, without speed limit, with 
gradient ≤ 2 %, for different heavy vehicle percentages (FGSV, 2015) 
On upgrades, the average travel speed is influenced by the gradient as well as the length of the 
upgrade section. At the beginning of the upgrade, the vehicle speeds continuously decrease rather than 
abruptly drop to the crawl speed. Therefore, on short upgrade sections, the actual average travel speed 
is higher than the crawl speed obtained from the speed-flow diagram. The speed adaption at the 
beginning of the upgrade is considered by applying an effective gradient, which is the sum of the 
actual gradient and an adjustment value. The adjustment value depends on the length of the (sub-) 
segment and the difference of its gradient to the gradient of the upstream (sub-) segment. 
If a segment consists of several sub-segments due to a change of at least one parameter influencing 
traffic flow, the segment’s average travel speed is calculated as the length-weighted harmonic mean of 
the average travel speeds obtained for the sub-segments. 
5 Specific Parameters and Alternative Methods 
The new edition of the HBS (FGSV, 2015) also provides a framework for the use of specific 
parameters and the application of alternative methods for the assessment of traffic flow quality. If 
traffic flow measurements at stationary detectors reveal a capacity greater than the design value, the 
95th percentile of flow rates measured in 1-hour intervals during at least one year can be used as 
surrogate design capacity. The 95th percentile must be regarded as the minimum capacity, because it 
does not represent the actual capacity in case of low traffic demand or spillback from a downstream 
bottleneck. For recurrently congestion freeway bottleneck segnments, empirical analyses (Brilon and 
Geistefeldt, 2010) revealed that the actual capacity usually exceeds the 95th percentile flow. Reducing 
the design capacity based on the 95th percentile of measured flow rates is not permitted. 
For complex freeway facilities, microscopic traffic simulation can be used to assess the quality of 
service. In this case, the same measure of effectiveness as defined in the analytical procedure must be 
applied. For basic freeway segments, this means that the capacity must be estimated by simulation in 
order to calculate the volume-to-capacity ratio. Empirical results from German Autobahns show that 
the average breakdown volume in 5-minute intervals is roughly equal to the HBS design capacity in 
1-hour intervals (Geistefeldt, 2013, cf. Figure 5), because the difference between capacities measured 
in 5-minute and 1-hour intervals is compensated by the fact that the average breakdown volume is 
smaller than the mean value of the capacity distribution function, cf. Geistefeldt and Brilon (2009). A 
framework for the quality-of-service assessment on freeways by microscopic simulation, including 
standard parameters for different simulation models, was developed by Geistefeldt et al. (2014). 
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Figure 5: Empirical relationship between the average pre-breakdown flow rate measured in 5-minute 
intervals and the 1-hour capacity estimated in the speed-flow diagram for 28 Autobahn segments 
6 Conclusions and Outlook 
Overall, the revised procedure for the analysis of basic freeway segments includes major 
enhancements and covers a larger number of segment types. The main assessment concept still follows 
the tradition of the former HBS by using deterministic capacities and providing rather simple 
analytical procedures to assess the traffic flow in one specific peak hour. For the further development 
of the HBS assessment methodology, particularly the following challenges emerge: 
x The application of computer-based procedures and simulation models instead of or in addition 
to analytical assessment methods will further gain in importance. The variety and complexity 
of these alternative methods require a more comprehensive standardization in order to ensure a 
consistent quality-of-service assessment. 
x The increasing market penetration of driver assistance systems as well as recent and future 
developments in the fields of connected and/or autonomous vehicles will considerably 
influence traffic flow and the capacity of freeways. These impacts must be accounted for in 
future revisions of the design values. 
x Particularly for the assessment of operational improvements of the existing road infrastructure 
through traffic management and ITS, the use of stochastic traffic flow parameters as well as 
measures of effectiveness that better represent travel time reliability will be required. This also 
implies the need for analysis methods covering longer assessment periods than one specific 
peak hour. 
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